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The application of insecticides by meens of eirpl^mes has been the sub- 
ject of study for about 20  years. Commercial airplane dusting of cotton for 
control of the boll weevil has been available to growers for several years. 
It has proved very effective, and prewar costs v/ere as low as 50 cents to $1 
an acre, depending on the terrain and the amount of insecticide used per 
application. Many attempts have been made by Federal and State agencies and 
commercial dusting concerns to treat forested areas by means of airplane 
dusting for control of defoliators. These attempts have been more or less 
unsuccessful, or at least not practical, because of the inherent difficul- 
ties in the use of dusts and the kind of insecticides aveileble, together 
with the high cost of operation in comparison Vvàth the value of the timber 
to be protected. 

Recently experimental work in this field has been renewed, for the 
purpose of testing the effectiveness of DDT (?.,2-bis(p-chloroph€nyl)- 
1,1,1-trichloroethane), v\?hen eprjlird in this manner. This material, 
because of its greater toxicity, can be used in comnaratively small quanti- 
ties per acre and can be readily anplied from aircraft as a spray which 
adheres V'/ell to the foliage and other parts of the trees. The work done 
in 1944 with DET has given such promising results that it seems desirable 
to present these results, with the hone thpt it lill encourage further 
developments, especially by private enterprise.  In this naper the data 
from several experimental tests in a cooperative prc^ject carried on by the 
Division of Gypsy and Brovm-tail Moths Control and the DivisicTi of Forest 
Insect Investigations are presented, and suggestions are made for future 
work. 

Two airplanes have been used in this v/ork, a White Standard biplane 
capable of carrying approximately 700 pounds of pay load, end a Piper cub 
plane with a capacity of about S50 pounds. The White Standard nlane is 
equipped with a distributing apparatus, the essential features of which 
consist of two units of four disks each, set at either side of the slip 
stream and rotated by small air-driven propellers. The s^oray mixture is 
fed by gravity onto these diskB from a tank within the plane. The spray 
released from this device is atomized and settles as a fine mist on the 
forest canopy, penetrating to the understory. In the cub plane the liquid 
is released under pressure from a series of nozzles attached to a cross 
pipe under the fuselage. Applications v/ere made at the rate of 5 pounds 
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of DOT in 5 gallons of liquid per acre for the earlier Viork in 1944, 
with a gradual reduction down to as little ^s  1/2 pound of DDT in 1/2 
gallon of liquid in later applications. Tshle 1 lists the treatments made 
during the 1944 sepsonc All of them, with the exception of the Greenfield, 
N« Y., plot, vihere the Piper cub plrne vjas used, were epplied with the 
White Standard biplene. 

The results of these application^^ were reriiarkt?ble in the light of the 
low dosages used.  Complete control of. the gypny moth, the red-headed pine 
sawfly, f:-ad the ^reer.-rtriped mrple worn VJ^íS cbtsined by using 5 pounds, of 
DDT in -1 e:''"^-lons of liquid per acre.  Completo or rearly complete control 

of the reu-headed pine sawfly erd DiPjion f;Q¿Í£lf:2~'^? ^'^''^ (another-sawfly 
on pine; v/as obtained with 2.2[) and*":^ porjids of'Db'jJ'^in 2.25 end 2 gelions 
of spray njr ricre,   respectively.  Eecause of tne r^uccoss of tnocie lower 
dosages, fvi-tner. reducticns were mf^de and parbi^.l control of D. frutetorum 
we;S obtain(^d witn 1 pou:id of DDT in 1 gallon of  spray per ec:-e. ^ TÍie ob- 
servations indic^^ted that tlie gellonage of sprcy per rere mu^st le veried 
according to the volume of foliage per acre to be treated. Tentatively, 
it appears that where there is relatively little foliage per acre, as in 
plantations, good control mry be exnocted from 1 pound of DDT in 1 gallon 
of spray per acre, whereas under for^^st conditions 2 pounds of DDT in 2 
gelions of liquid may be necessary.  Further experimentation is essential 
before definite co-nclusions cr-n be drnwn, becp.use different species of 
insects vary considerably in their snsce-ptibility to poisoning by DDT. 

Flying at -80 miles vcr  hour ^bout 50 foot ^boTT" the tree tops, the 
1/iTilte Standard biplane deposited spr'-y over r swr^th of ?^^"oproxim?-tely 
120 feet. The distributing epperatus wrs therefore adjusted to deliver 
20 g5-?llons of spr??y per minute (10 gallons ver  unit). This rate of dis- 
tribution is equlA7'eit;int to 1 gallon per t.cre.  Since this is r^bout the 
maximum output possible v/ith the apnoratus in use at present, are.^;s on 
which 2, 3, or more gelions per,acre were frpplied were treated two, three, 
or more times. The apparatus was adjusted to deliver 10 grlions ner minute 
when treatments of 1/2 gç-llon per acre were desired. 

The spinner distributing device worked very well for the type of plane 
and the type of experimental work undertaken. Flans are under y;ay for 
modificf'tion and improvement of the equipm.ent.  It is possible that finer 
atomization of the sprpy particles thrn is obt?ûn :d r.t nresent mey prove 
practical. Tests should also be mode with other types of distributing 
devices,' which will utilize .the forward motion of faster 8nd lerger nlanes 
to atomize the spray material. The gas tanks might be used for carriers 
of the Insecticidel spray. • Svome such devices ere nov/ in use by the Army 
and Navy. 



Table 1.—A suimnary of the application by airplane cf DDT against forest insects in 19U 

Date ; Place   Î 
. Area  :             : 
treated :    Insect    : 

,D«sage : 
, per ; 
! aôte , : 

Amount of : 
spray used: 
per acre : 

(Fenaula)     ; 
(parts by weight  ; 
approximately)  : 

¡     Results 

May 3 ! ►Jefferson, ^ 
► Ba.       : 

:20-acres :Gypsy moth     ; 
:       :(prior to hatch) ' 

¡Pounds : 
: 5.0 : 

Gallens : 

5  . ! DDT, 1            ; 
Gyclohexanone, 1     : 

.Shell oil, 7        i 

" Complete control. 

i 

24 ! Greenfieldjr : 5  do. ;Gypsy moth     : 
:        : (2nd and 32:d . 
:         stages) 

- 5,0 : 5   : do.          ! Í       do.- 

June 27^ ;Algonquin 
; Parity Ont.l' 

, S  do» : Spruce budworm - : 
(mostly pupae) 

; 5.0 : 5  Î DDT, 1             ^ 
Gyclohexanone, 1    ? 
Mentor #29 oil, 7 

¡  Results cannot be 
¡  given until 1945. 

27 :    do. a2'.8  do. ' do. ; 3.0 : U        : do. r    •  do. 

27 ;    do. : 9.6 do. ' '   -   .do. : 2.0 ¡ 4   : do. ¡        do. 

30 : Brasher, 
Í IL Y. 

:. 5.-. do. • .Red-headed ¿ine ^ 
' sawfly (mostly 
: larvae). . 

:  5.0 ¡ :    5 \ • 'DDT, 1 
;Gyclohexanone, 1 
¡Shell oil, 7 • 

!  Complete control. 

30 :    do* :11  do. • do.. : 2.25 :    2.25 
:   '5   : 

¡      d». .         i I        do. CJÚ : 

July 7 : Derby Line, 
: Vt. 

: 5  ^0. .Green-striped 
'  m^^iple worm 
:   (larvae) 

; 5.0 do. :        do. ~~À 

Aug. U :Pittston, 
: ?a. 

:40  do. ' 
: •  ■        ^' 

'    5.0 ;   '5   : .DOT, 1 
¡Xylene, 1.5 
.Shell oil, 6.5 i 

Sept.16 rLitchfield, 
Í Conn.  • 

; 1 swath :Diprion frute-  ., :  2.0 ¡ :    2 ¡DDT, 1 
¡Xi'-lone, 1.5 
¡Shell oil, 6.5 

: Good; perhaps 
: complete cbntrel. : torum sawfly   ; 

:  (larvae) 

16 :   do. : 1  do. :      do. : l.O :    1 :      do.      •■ ' ■ ¡Considerable kill but also . 
: considerable survival.   ' 

1¿ :   do. : 1  do. :      do. :  .5 :    1 :      do. :Sli_ght kill. 

16 :   do. : 1  do. :      do.  ■ *   '■ :  *5 :  •  -.5 :      do.. . :      do. 

12 : Wendell, 
: Mass. 

: 1  do. ^ :   Woodland    :; : 3.0 :    3 j      do. : Complete kill of 
:  caged larvae. 2/ 

Table continued 
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If DDT can be applied at the rate of 1 pound in 1 gallon of solvent, 
i.e., a total of 8 pounds per acre, rather large areas can be covered with 
one loading of the plane. With larger v)lanes it might eventually be pos- 
sible to spray a.lïïiC3-c a square mi3e with one loading. 

At the uresent time intense interest is being shovm in the possibilities 
of applying DDT from ??.irpl.-..n^ löv  the control of the spruce budv^orm. Un- 
fortunately, it ^^^ill not be possible to ovcdu-^-^c LU.  réduits of aerial appli- 
cations made in 1944 againpt this inject untix the s^-jriiTier of 1945.  The 
Division of Forest Insect Investi épations was able to mske  rather extensive 
tests vjrith high-powered ground equipment in Colorado. Dosages of P..5, 5, 
and 10 pounds per so:^e were apDlied.  Some of these sprays v\7ere r>ut on 
prior to larval activity in the spring; others were used when the larvae 
Viere from one-half gro^jn to full grown. All applications totaling over 20 
acres resultea in alm.ost perfect control of the sprace budworm.  It is pos- 
sible that the early applications, which killed the young larvae as they 
began feeding, were partially effective against the adults several weeks 
later,  if so, this would indicate that the benefits from the treatment 
might carry over to the second year. 

The effect of DDT on beneficial insect life and on wildlife has been 
given some consideration and needs careful and intensive study in the coming 
season. Much more information on such problems is desirable, if ret neces- 
sary, before recommendations CBU be m.ade for using DDT over extensive for- 
ested areas.  It may be stated briefly that DDI', applied at the rate of 5 
pounds per acre, has killuu r  wide variety of insect life W3tli:?n the area, 
including beneficial insects such as predators and -narasites.  On the 
relatively small areas treated, however, the insect fauna seemed to be back 
to normal within 10 or 12 we^--ks. The tr^.':t.:.-.i./: -J^o ki'^le'^ e^^^ll numbers 
of small fish, crayfish, and frogs as vjell as aquatic insects. 

It is believed that the oxuerimental work with DDT in 1944, although 
rather limited, warrants an optimistic attitude toward its use in the future. 
There are, of course, many kinks that must be ironed out but, all in all, it 
appears that DDT can be used as a s-^ray from aircraft for the control of 
defoliating insects with dosage requirements sufficiently low to make it 
practical to cover large areas of forest. More attention mx"^t be given to 
the selection of the most suitable type of plane pnd to the im.provement of 
distributing devices. These problems hpve been exbensiveiy disvcussed with 
engineers and work is going forv^ard.  Some v.'orkers think that lerger planes, 
capable of carrying a ton or more of insecticide, are needed.  It is probable 
that Dianes of slow speed—around 100 miles per hour--vroulá be m.ore suitable 
than faster ones, because they could be handled closer to the treetops. 
Larger planes could probably be flovm at somev'het higher elevations, say 
100 feet, nermitting a greater factor of safety to the pilot, as v/ell as 
covering a wider svfath.  It is not necessary to obtain complete control of 
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most forest insects; a reduction of the defolietion to such an extent 
that the trees will not succumb would be sufficient. Coverege, therefore, 
need not be complete, and perfect lappip.g of the swaths would not be 
necessary. The more heavily infested ipots could be selected and treated 
first. With some insects, for example, the spruce budv^rorm, it may be 
possible to control two generations with one application of the insecti- 
cide. It is also probable that frdrly good coverage at the beginning of 
an outbreak would prevent subséquent build-UTD of infevStation, and satis* 
factory control might be obtained with only one application. 

More study is needed on marking devices, in order to permit rapid 
lining of the svmths by the aviators. For this purpose chemical dyes and 
balloon markers are being investigated. 


